MYC (v-myelocytomatosis viral oncogene homologue) is a regulator gene that encodes for a nuclear phosphoprotein. Porcine MYC gene was mapped on chromosome SSC 4p13 and is associated with a variety of functions such as cell proliferation and cell growth. MYC expression is coupled to a multitude of physiological processes and is regulated by hormones, growth factors, cytokines, lymphokines, nutritional status, development and differentiation. MYC is also involved in myogenesis, muscle hyperplasia and adipogenesis. In this study, we investigated SNPs in MYC gene and their association with economic traits in Duroc, Landrace and Yorkshire populations. We detected a single point mutation in exon 3 of porcine MYC gene as a change of T to C at 906 base (amino acid position 302, nonsynomous mutation of alanine) in MYC-N domain. MYC mutation (T906C) was significantly associated with age at 90 kg in these breeds, signifying that this mutation can serve as a selection marker for growth traits in pigs.
I. Introduction
Porcine MYC (v-myelocytomatosis viral oncogene homologue) gene encodes a transcription factor which composed of the typical basic/helix-loop-helix/leucine zipper domains (Reiner et al.,1999) . (Potter & Marcu 1997) . In this regard, MYC expression is coupled to a multitude of physiological processes and is regulated by hormones, growth factors, cytokines, lymphokines, nutritional status, development and differentiation (Levens et al. 1997) . MYC is involved in myogenesis (Miner & Wold 1991; Whitelaw & Hesketh 1992) , muscle hyperplasia (Kipshidze et al. 2002) and adipogenesis (Freytag & Geddes 1992; Ninomiya-Tsuji et al. 1993; MacDougall & Lane 1995) , hence the proto-oncogene could be a candidate gene contributing to variability of fatness in pigs.
Porcine MYC gene was mapped on chromosome SSC 4p13 and belongs to synteny group, with F13B, ATP1B1, GBA, ATP1A1, IVL, and two microsatellites S0001, S0067 (Andersson et al., 1994; Marklund et al. 1999; Reiner et al., 1999) .
There is a need to identify more markers in the region of the QTLs and to isolate or identify the nature of the QTLs. Given the important role in cellular processes such as cell growth and proliferation as well as disease resistance and location in a QTL region, we hypothesize that MYC mutation may also be associated with economic traits of pigs.
Thus, in this study, we examined SNPs in MYC gene and their association with economic traits in Duroc, Landrace and Yorkshire populations. We found that a MYC mutation T5276C was significantly associated with age at 90 kg in these breeds, suggesting that this mutation of MYC can serve as a genetic marker for growth traits in pigs and be used for preselection of growth traits in commercial pigs.
II. Materials and Methods

Experimental animals
Eighty four pigs of three breeds (17 Duroc, 10
Landrace and 57 Yorkshire) were maintained in Swine Breeding Center, National Agricultural Cooperative Federation, Young-Am, Korea. Bloods and tissues were collected from 84 pigs at slaughter house and genomic DNA was extracted using Wizard Genomic DNA purification kit (Promega, USA).
Genotyping of MYC by PCR-RFLP
SNPs from MYC gene (NCBI Accession No.
X97040, ENSSSCG00000005965) was used in this work. Primer sequences and DNA product sizes used for PCR genotype analysis are shown in Table 2 and information about restiction enzyme is shown in 
Sequencing
Sequencing was performed to detect regional 
PCR-RFLP
Restriction Fragment Length (RFLP) analysis was conducted to determine alleles in the variation region of MYC by digestion with Msp I restriction enzyme.
The genotype was determined after the treatment of the amplified PCR-products (10 ㎕) and 0.6 ㎕ of Msp I for 4 hrs at 37℃ and electrophoresis was performed in 2 % agarose gel (Table 2) .
Statistical analysis for the estimation of genotype effect on the economic traits
To estimate the genotype effect on the measured economic traits, SAS program (version 9.2) was used and the model used for the estimation of genotype effects on backfat and age at 90 days was as follows: The model used for the estimation of genotype effects on body weight was as follows: 
III. Results
Single nucleotide polymorphisms (SNPs) in the porcine MYC coding region
We retrieved porcine MYC sequences and single nucleotide polymorphisms (SNPs) from either Ensembl (ENSSSCG00000005965) ( Figure 1B and Table 1 ) or a literature (Reiner et al., 1999) and present its schematic structure in Figure 1A . As shown in Figure   1 , porcine MYC is encoded in three exons with (Table 4) .
Economic traits analyses by breeds
As shown in ( Andersson et al., 1994) .
Association of MYC gene with economic traits
We performed the association study between MYC genotypes and economic traits of pig, including body length, body weight, backfat thickness and age at 90 kg.
Association of MYC genotypes with body weight and age at 90 kg showed that the body weight of pigs with CC genotype was 99 kg, which was significantly lower than that of pigs with TC (Table 6 ). But, any association was detected between the genotype of MYC gene and backfat (Table 5) .
IV. Discussion
Porcine MYC was mapped in the QTL region of SSC4 (Reiner et al., 1999; Cepica et al., 2003) . SSC4
was the first porcine chromosome analysed for quantitative trait loci (QTLs), in association with growth performance in pigs. Numerous researchers reported that many of QTLs were identified on SSC4, including growth (Walling et al., 1998; Wang et al., 1998; Marklund et al., 1999; Paszek et al., 1999; Bidanel et al., 2001; De Koning et al., 2001; Malek et al., 2001a; Knott et al., 2002) , carcass composition (Andersson-Eklund et al., 1998; Malek et al., 2001a) , carcass length (Rohrer and Keele 1998; Marklund et al., 1999; Knott et al., 2002) , muscling traits (Andersson-Eklund et al., 1998; Malek et al., 2001b) and fat deposition traits (Knott et al., 2002; Marklund et al., 1999; Bidanel et al., 2001; Grindflek et al., 2001; Malek et al., 2001b) . In addition, it is intrigiung that MYC was found to be involved in Porcine circovirus 2 (PCV-2) proliferation and resistance (Meng 2013; it has also been reported that mutations in MYC are one of the most important factors in the proliferation of a PCV-2 infection, changing both expression rates and interactions with other PCV-2 proteins (Timmusk et al., 2006; Li et al., 2011; ). It might be worthy to determine the association of MYC genotypes that were found in this study with the immunity againt PCV-2 in the following study.
Given the important role of MYC in various cellular processes, such as cell growth, apoptosis, and organ formation, it is reasonable to assume that variations in MYC gene may have impact on growth related traits. A previous study showed that different MYC genotype was reported to be associated with fatness in pig (Andersson et al., 1994) . In this study, we found that porcine MYC SNP (T906C) was associated with body weight and age at 90 kg body weight. It is not certain how this SNP does impact these traits, since this mutation is benign and this newly arisen allele is silent mutation without changing the coding amino acid (alanine). Haplotype analysis is useful to find QTL that is in LD/linkage with a haplotype(s) if MYC does not have causative mutation.
Since we did not examine other SNPs in a porcine QTL region in SSC4 which includes MYC genomic region , it is worth to determine the haplotype map in this region, including MYC SNPs, and perform association studies with economic traits.
Further study should be performed to test this possibility by making haplotype maps in this region and perform association studies.
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